REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  tNs  burden  estimate  or  any  other  aspect  of  tKs 
collection  of  information,  including  suggestions  for  reducing  this  burdea  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 

Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  {0704-0188),  WasNngton,  DC  20503. 

1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

June  2002  Technical  Report 

4.  TITLE  AND  SUBTITLE 

A  HUMAN  WHOLE  BLOOD  MODEL  FOR  SCREENING  POTENTIAL 

VESICANT  ANTAGONISTS 

5.  FUNDING  NUMBERS 

6.  AUTHOR(S) 

Michael  D.  Blaha  and  David  A.  DuBose 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

US  Army  Research  Institute  of  Evironmental  Medicine 

42  Kansas  Street 

Natick,  MA  01760-5007 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAMEIS)  AND  ADORESSIES) 

Same  as  Block  7. 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

in A  A  7  nnn 

11,  SUPPLEMENTARY  NOTES  /  M  M  ^ 

i09l3  020 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Distribution  is  unlimited;  approved  for  public  release. 

12b.  DISTRIBUTION  CODE 

1 3.  ABSTRACT  (Maximum  200  words) 

A  model  employing  low-cost,  convenient,  readily  available  tissue  that  consistently  expresses  a  reproducible  level  of  injury  is 
required  to  screen  for  potential  vesicant  antagonists.  We  have  developed  a  human  whole  blood,  vesicant  vapor  exposure 
model.  Blood  obtained  by  venipuncture  was  diluted  40%  with  RPMI  1640  medium  (Gibco/BRL,  Grand  Island,  NY)  and  5 
ml  aliquots  dispensed  into  Costar  trays  (Allegience  Health  Care,  Lee,  MA).  Half  the  samples  were  exposed  for  12  min  to 
2-chloroethyl  ethyl  sulfide  (GEES)  vapor  (1.5  mg/L/min),  while  the  other  half  received  carrier  gas  alone.  Following  such 
exposure,  samples  were  incubated  at  37°C,  5%  C02  for  a  total  of  24  hr.  Red  blood  cells  were  then  lysed  (Easy-Lyse™, 
Leinco  Technologies,  St.  Louis,  MO),  and  white  blood  cell  viability  was  measured  colorimetrically  (ProCheck™  Cell 

Viability  Assay,  Intergen  Co.,  Purchase,  NY).  CEES  exposure  decreased  viability  relative  to  controls  (controls =100% 
viability).  The  viabilities  for  six  CEES  exposure  trials  (2  subjects,  3  times  each)  ranged  from  44.3%-58.2%,  with  group 
means  (n=3,  by  subject)  of  52.6%  and  48.7%,  respectively.  These  group  viabilities  were  not  different  from  each  other,  but 
were  significantly  (p<  .05)  depressed  compared  to  controls.  This  model  induced  a  significant  and  reproducible  level  of 

CEES  injury.  It  appears  suitable  for  the  rapid  in  vitro  screening  of  combinations  of  potential  vesicant  antagonists,  since  the 
model  can  accommodate  any  buffer-soluble,  antagonist  combination  up  to  a  40%  blood  displacement. 

14.  SUBJECT  TERMS 

CEES,  vesicant  antagonists,  human  whole  blood,  viability 

15.  NUMBER  OF  PAGES 

12 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  OF  THIS  19.  SECURITY  CLASSIFICATION 

OF  REPORT  PAGE  OF  ABSTRACT 

Unclassified  Unlassified  Unclassified 

20.  LIMITATION  OF  ABSTRACT 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-18  298-102 


USARIEM  TECHNICAL  REPORT  T^02/2.0 


A  HUMAN  WHOLE  BLOOD  MODEL  FOR  SCREENING 
POTENTIAL  VESICANT  ANTAGONISTS 


Michael  D.  Blaha 
David  A.  DuBose 


Thermal  &  Mountain  Medicine  Division 


June  2002 


U.S.  Army  Research  Institute  of  Environmental  Medicine 
Natick,  MA  01760-5007 


DISCLAIMER  STATEMENTS 


The  views,  opinions  and/or  findings  contained  in  this  publication  are  those  of  the 
authors  and  should  not  be  construed  as  an  official  Department  of  the  Army  position, 
policy  or  decision  unless  so  designated  by  other  documentation. 


The  investigators  have  adhered  to  the  policies  for  protection  of  human  subjects  as 
prescribed  in  Army  Regulation  70-25,  and  the  research  was  conducted  in  adherence 
with  the  provisions  of  45  CFR  §  46. 


Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not  constitute 
an  official  Department  of  the  Army  endorsement  or  approval  of  the  products  or  services 
of  these  organizations. 


TABLE  OF  CONTENTS 


Section  Page 

List  of  Figures . jv 

List  of  Tables . jv 

Acknowledgments . v 

Executive  Summary . 1 

Introduction . 2 

Methods . 2 

Results . 5 

Discussion  . 6 

Conclusions . 7 

Recommendations . 7 

References . 8 


iii 


LIST  OF  FIGURES 


Figure  Page 


1  Vapor  Exposure  Chamber  and  6-Well  Costar  Tray  (with  3 

simulated  blood) 

2  Vapor  Exposure  Apparatus  4 

LIST  OF  TABLES 

Table  Page 


1  Mean  White  Blood  Cell  (WBC)  Counts  in  Human  Whole  Blood  5 

Unexposed  (Controls)  or  Exposed  to  2-Chloroethyl  Ethyl  Sulfide 
(CEES) 

2  White  Blood  Cell  (WBC)  Viability  in  Human  Whole  Blood  6 

Unexposed  (Controls)  or  Exposed  to  2-Chloroethyl  Ethyl  Sulfide 
(CEES) 


IV 


ACKNOWLEDGMENTS 


The  authors  would  like  to  thank  the  following  individuals  for  their  assistance 
preparing  this  technical  report:  Shari  Hallas. 


EXECUTIVE  SUMMARY 

exprest^TJeZdudbh  V^eTof  Su™  if"*'  tissue  that  consistently 

antegonists.  deXed  ThTimanTh'l  n 
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INTRODUCTION 


Sulfur  mustard  (dichloroethyl  sulfide;  HD)  is  a  strong  alkylating  agent  that  can 
induce  injury  similar  to  that  incurred  by  exposure  to  ionizing  radiat  on  m  Thor! 
radiomimetic-like  actions  include  direct  lethal  effects  on  leukorvt?!  h!!o  ^ 

rapidly  dividing  cells.  Such  actions  are  likely  attributable  to  the^lkvIaSn  S  h 

leads  to  cross-links  and  strand  breaks  in  this  macror^otecuirw^^^^^ 
also  cause  Inhibition  of  glucose  metabolism  and  lactate  producfcn  as  T  ■ 

of  ATP  and  nicotinamide  adenine  dinucleotide  (NADT 

The  extremely  harmful  and  lethal  effects  of  mustard  agents  preclude  their  studv 
in  human  subjects.  Therefore,  various  animal  and  tissue  models  have  been  utilized  in 
their  study.  Among  these  diverse  models  has  been  the  hairtess  gu^ 

epidermal  keratinoc^es and 
isolated  peripheral  blood  lymphocytes  (6).  a  constructed  human  dermal  eauivalent 

and  the  hairless  mouse  or  the  mouse  ear  vesication  model  (4  9  10  11^  \his  ’ 

laboratory  has  used  artificial  human  skin  models  (1,  3)  to  expiori  seUrai  Intracellular 
interventions  as  a  means  of  providing  vesicant  protection.  These  interventions  included 
preventing  NAD  depletion  using  niacinamide,  inhibiting  intracellular  proteolytic  enzyme 
activity  with  Leupeptin,  or  blocking  calcium-mediated  events  with  the  calmodulin  ^ 

nS!;?h°®lT‘’M  -‘agonist  Jas  dernSnsTrS  te  be 

nontoxic  to  the  artificial  human  skin  systems  studied.  Unfortunately  none  appeared  to 
offer  significant  protection  from  the  detrimental  effects  of  2-Chloroe^thyl  ethylTulfide 

(2).  However,  since  each  antagonist  was  studied 
singly,  this  suggests  blocking  only  one  of  the  potential  injury  pathways  is  insufficient  to 
prevent  or  reduce  mustard-induced  injuiy.  Perhaps  use  of  these  inffacell!"ar  mu2^^^ 

wSd°bTmom  XS?h  ®'7"aha-sly  blocking  of  the  various  injury  pathways 
would  be  more  effective  than  use  of  a  single  antagonist.  A  readily  available  tissue  like 
human  whole  blood  (HWB),  might  be  useful  to  rapidly  screen  ^r  approp^^^^^^^^ 
combinations  of  various  antagonists  that  afford  protection  to  GEES  insult  The  oresent 
study  defined  development  of  a  HWB  model  in  which  levels  of  CEES4nduced1nj!r^ 
could  be  consistently  reproduced.  ^ 


METHODS 

.  IdMian  Whole  Blood  (HWB)  Collection/Dilution.  HWB  was  obtained  by 
venipuncture  from  two  subjects  on  three  separate  occasions  (6  testing  days)  in  the 
following  manner:  Using  a  plastic  60  ml  syringe  (Becton  Dickinson  &Co  Rutherford 

HWR  Cat#H-4898,  St  Louis,  MO;  4U/ml’blood),  35  ml 

of  HWB  was  drawn  by  venipuncture  using  a  21G  “butterfly"  needle  (Terumo  Medical 
Corp.,  Elkton,  MD).  A  40%  dilution  of  HWB  was  made  by  combinina  32  ml  of 
heparinized  HWB  with  21.3  ml  of  RPMI  medium  (Gibco/BRL,  Grand  Island  NY) 


2 


Vesicant  Exposure  Procedure.  After  calibrating  the  gas  flows  of  the  exposure 
apparatus,  5  ml  aliquots  of  diluted  HWB  were  dispensed  into  2,  6-well  Costar  trays 
(Allegience  Health  Care,  Lee,  MA),  5  samples  per  tray.  One  tray  of  samples  was 
placed  in  each  of  the  2  chambers  of  the  exposure  apparatus  (Figures  1,  2),  which  were 
mounted  with  Velcro™  to  the  top  of  a  rotator  (Caframo  LTD,  Ontario,  Canada).  One 
chamber  received  12  min  of  humidified  CEES  vapor  (1 .5  mg/L/min;  18  mg  total),  while 
the  other  received  only  carrier  gas  (humidified  air;  L/min).  During  exposure  the 
chambers  were  rotated  at  15  revolutions  per  minute  (rpm)  to  ensure  blood  homogeneity 
and  uniform  interaction  with  the  respective  treatment  gases.  The  samples  were 
removed  from  the  chambers  and  allowed  to  “outgas”  for  5  min  and  then  incubated,  with 
mixing,  at  37°C,  5%  CO2  for  a  total  of  24  hr. 


Figure  2.  Vapor  Exposure  Apparatus 


Vapor  exposure  apparatus  setup  including  MKS  type  247,  4-channel  power  supply  (P;  MKS,  Andover,  MA),  MKS  type 
1 179A  mass  flow  controllers  (M;  MKS,  Andover,  MA)  to  regulate  gas  flow,  Polystat™  constant  temperature  circulator 
(C;  Cole  Palmer,  Vernon  Hills,  IL),  vesicant  containment  vessel  with  bubbler  (^0,  four  humidifying  bubblers  (H)  two 
exposure  chambers  (E),  Type  Reax  3  rotator  (R;  Caframo  LTD,  Ontario,  Canada),  and  model  650  digital  flowmeter 
(F;  Humonics,  Folsom,  CA)  to  measure  gas  flow  rates. 


White  Blood  Cell  (WBC)  Isolation  Procedure.  The  following  procedure  was 
performed  to  isolate  a  population  of  WBCs  from  HWB.  From  each  well,  400  pi  of  blood 
was  transferred  to  15  ml  polystyrene  conical  tubes.  To  each  tube,  8  ml  of  red  blood  cell 
lysing  solution  (Easy-Lyse™,  Leinco  Technologies,  St.  Louis.  MO)  was  added, 
immediately  mixed,  and  incubated  at  room  temperature  (RT)  for  10  min.  The  tubes 
were  centrifuged  at  1,300  rpm  (300-500  g)  for  5  min  at  RT;  the  supernatants  were 
decanted,  and  then  gently  vortexed  to  resuspend  the  cells.  The  cells  were  then  washed 
by  adding  4  ml  of  Easy-Lyse™  buffer  to  each  tube,  mixed,  and  centrifuged  as  before, 
supernatants  decanted,  and  cells  resuspended.  After  a  repeat  of  this  washing 
procedure,  the  samples  were  reconstituted  with  500  ml  of  RPMI  1640  medium  (no 
phenol  red)  and  mixed. 

Viability  Assay.  Viability  was  measured  colorimetrically  using  the  ProCheck™ 
Cell  Viability  Assay  (Intergen  Co.,  Purchase,  NY).  The  assay  is  based  on  the  enzymatic 
conversion,  by  metabolically  active  cells,  of  the  tetrazolium  salt  XTT  from  an  oxidized 
tetrazole  to  a  reduced  formazan  compound.  The  degree  of  color  change  from  yellow  to 
an  orange/red  is  proportional  to  the  relative  number  of  living  cells.  The  procedure  was 
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as  follows:  Three,  100  |al  aliquots  of  cell  suspension  (test  required  10'’-10®  cells/ml  for 
optimal  results  after  4  hr  incubation)  were  added  to  3  wells  of  a  96-well  plate.  Each  well 
then  received  20  pi  of  ProCheck™  viability  reagent.  The  plate  was  covered  and 
incubated  for  4  hr  at  37°C,  5%  CO2.  Following  incubation,  the  plate  was  read  at  480  nm 
on  a  Dynatech  7000  plate  reader  (Thermo  Labsystems,  Franklin,  MA). 

Cell  Counts.  WBC  counts  of  the  cell  suspension  were  performed  on  a  Coulter 
Z-1  particle  counter  (Beckman  Coulter,  Inc.,  Miami,  FL)  by  mixing  200  pi  of  the  WBC 
suspension  with  10  ml  of  Coulter  Z-1  diluent  and  counting  the  cells  in  the  resulting 
mixture  (cells  >  4p  in  size). 


RESULTS 

The  mean  (±SD)  WBC  counts,  representing  51 -fold  dilutions  of  the  WBC 
suspensions  tested  for  viability,  are  shown  in  Table  1.  Statistical  comparisons  of  the 
WBC  counts  between  the  CEES-treated  and  their  respective  control  groups 
demonstrated  no  significant  (p<.05)  differences  for  any  of  the  six  trials. 

The  viability  data  of  all  six  trials  had  a  range  from  44.3%  to  58.2%,  with  grand 
mean  viabilities  (n=3.  by  subject)  of  52.6%  and  48.7%,  respectively  (Table  2).  These 
group  viabilities  were  not  different  from  each  other,  but  were  significantly  (p<.05) 
depressed  compared  to  controls. 


Table  1:  Mean  White  Blood  Cell  (WBC)  Counts  in  Human  Whole  Blood  Unexposed 
_  (Controls)  or  Exposed  to  2-Chlorethyl  Ethyl  Sulfide  (CEES) _ 


Subject  # 

Trial  # 

Controls  [Cells/ml] 

CEES  [Cells/ml] 

1 

15,744  ±3,006 

12,43811,166 

1 

2 

15,24413,548 

12,6341 1,950 

3 

4 

12,17412,890 

14,24613,760 

11,0681  1,502 
13,46613,346 

2 

5 

29,574  1 5,674 

24,17213,190 

6 

17,8321684 

15,11212,304 

WBC  counts  represent  Means  +  SD  from  5  repeated  measures  (except  trial  6  control  which  had  4  repeated  measures). 
Note:  None  of  the  CEES-treated  cell  counts  were  significantly  (p<.05)  different  from  their  respective  controls. 


5 


Table  2:  White  Blood  Cell  (WBC)  Viability  in  Human  Whole  Blood  Unexposed 


(Controls)  or  Exposed  to  2-Chlorethyl  Ethyl  Sulfide  (CEES) 


Subject# 

Trial  # 

Viability  (%;  CEES-treated  vs.  Control) 

1 

45.9* 

1 

2 

58.2* 

3 

53.0 

4 

Grand  Mean  =  52.6**%  (n=15) 

44.3* 

2 

5 

49.4* 

6 

52.0* 

Grand  Mean  =  48.7**%  (n=1 5) 

WBC  %  viabilities  represent  means  determined  from  5  repeated  measures  for  each  trial.  *  Significantly  different 
(p<.05)  from  unexposed  controls.  **  Grand  Means,  though  significantly  depressed  relative  to  controls,  were  not 
different  from  each  other. 


DISCUSSION 

In  order  for  an  experimental  model  to  be  useful  as  a  screening  tool  in  vesicant 
research,  it  must  be  able  to  induce  both  a  significant  and  reproducible  injury.  It  should 
also  be  low  in  cost  and  convenient.  If  not,  it  offers  little  advantage  over  more  complex 
established  models.  Additionally,  the  tissue  used  in  the  model  should  be  relevant  with 
respect  to  vesicant  injury. 

HWB  obtained  by  venipuncture  was  convenient,  readily  available,  and 
inexpensive.  It  also  represented  a  tissue  normally  affected  by  vesicant  exposure  of  the 
skin  or  lungs.  Isolating  WBCs  from  HWB  and  measuring  their  viability  was  a  rapid 
process.  Viability  served  as  an  easily  assayable  injury  index  to  evaluate  the  level  of 
CEES  injury.  The  results  seen  here  suggested  the  HWB  vesicant  vapor  exposure 
model  has  the  appropriate  attributes  to  support  primary  screening  of  potential  vesicant 
antagonists. 

With  the  HWB  vesicant  vapor  exposure  model,  it  was  demonstrated  that  12-min 
CEES  vapor  exposures  (1.5  mg/L/min;  18  mg  total  dose)  with  a  HWB  rotational  rate  of 
15  rpm  reduced  the  WBC  viability  of  both  subjects  by  about  50%  (52.6%  and  48.7%, 
respectively).  Vesicant  exposures  were  relatively  easy  to  perform,  and  the  degree  of 
injury  was  reproducible  by  controlling  the  length  of  vesicant  vapor  exposure  and  HWB 
rotational  rate.  These  decrements  in  viability  were  significant  when  compared  to  their 
respective  controls,  but  were  not  different  from  each  other.  This  suggested  the  methods 
and  procedures  employed  could  consistently  induce  a  similar  level  of  injury.  Moreover, 
the  viability  decrement  of  ~50%  would  likely  not  be  so  severe  as  to  preclude 
demonstration  of  a  protective  effect  by  a  vesicant  antagonist. 
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Thus,  this  model  could  be  employed  to  identify  the  effectiveness  of  various 
combinations  of  potential  vesicant  antagonists.  Only  those  antagonists  or  combinations 
that  showed  efficacy  in  this  model  could  then  be  tested  in  more  advanced  tissue 
constructs  or  animal  models,  thereby  conserving  research  resources. 


CONCLUSIONS 

The  HWB  vesicant  vapor  exposure  model  employed  a  readily  available,  low-cost 
tissue  source,  induced  a  reproducible  level  of  injury,  and  was  designed  to  permit 
vesicant  antagonist  combinations  of  up  to  a  40%  blood  displacement.  Such  a  model 
appears  suitable  for  the  rapid  in  vitro  screening  of  combinations  of  potential  vesicant 
antagonists. 


RECOMMENDATIONS 

The  use  of  the  HWB  vesicant  vapor  exposure  model  is  recommended  to  rapidly 
assess  the  efficacy  potential  of  vesicant  antagonist  combinations.  Such  a  model  could 
play  an  important  role  in  identifying  those  antagonists  worthy  of  further  study.  This 
approach  would  reduce  pressure  on  limited  budget  resources  and  decrease  the  use  of 
animals  in  the  Chemical  Defense  Research  Program. 


7 


REFERENCES 


1.  Blaha,  M.,  J.  Kohl,  D.  DuBose,  W.  Bowers,  Jr.,  and  J.  Walker.  Ultrastructural  and 

histological  effects  of  exposure  to  GEES  or  heat  in  a  human  epidermal  model  In 
Vitro  &  Mol.  Toxicol.  14  (1) :  15-23,  2001. 

2.  Blaha,  M.,  W.  Bowers,  Jr.,  J.  Kohl,  D.  DuBose,  and  J.  Walker.  IL-1-related  cytokine 

responses  of  nonimmune  skin  cells  subjected  to  GEES  exposure  with  and 
without  potential  vesicant  antagonists.  In  Vitro  &  Mol.  Toxicol.  13  (2)  •  99-1 11 
2000. 

3.  Blaha,  M.,  W.  Bowers,  Jr.,  J.  Kohl,  D.  DuBose,  J.  Walker,  A.  Alkhyyat,  and  G.  Wong. 

Effects  of  GEES  on  inflammatory  mediators,  heat  shock  protein  70A,  histology 
and  ultrastructure  in  two  skin  models.  J.  Appl.  Toxicol.  20:  SI  01-SI  08,  2000. 

4.  Gasillas,  R.  P.,  R.  G.  Truxall,  A.  W.  Singer,  S.  M.  Shumaker,  N.  A.  Niemuth,  K.  M. 

Ricketts,  L.  W.  Mitcheltree,  L.  R.  Gastrejon,  and  J.  A.  Blank.  Therapeutic 
approaches  to  dermatotoxicity  by  sulfur  mustard.  I.  Modulation  of  sulfur  mustard- 
induced  cutaneous  injury  in  the  mouse  ear  vesicant  model.  J.  Appl.  Toxicol  20 
(Suppll):  145-151,2000. 

5.  Lindsay,  G.  D.,  and  D.  G.  Upshall.  The  generation  of  a  human  dermal  equivalent  to 

assess  the  potential  contribution  of  human  dermal  fibroblasts  to  the  sulphur 
mustard-induced  vesication  response.  Hum.  Exp.  Toxicol.  14  (7) :  580-586 
1995. 

6.  Moser,  J.,  and  H.  Meier.  Gomparison  of  cell  size  in  sulfur  mustard-induced  death  of 

keratinocytes  and  lymphocytes.  J.  Appl.  Toxicol.  20  (SuppI  1)  ;  23-30,  2000. 

7.  Papirmeister,  B.,  A.  J.  Feister,  S.  I.  Robinson,  and  R.  D.  Ford.  Medical  Defense 

Against  Mustard  Gas:  Toxic  Mechanisms  and  Pharmacological  Implications. 
Boca  Raton,  FL:  GRG  Press,  1991. 

8.  Petrali,  J.  P.,  S.  B.  Oglesby,  T.  A.  Hamilton,  and  K.  R.  Mills.  Gomparative 

morphology  of  sulfur  mustard  effects  in  the  hairless  guinea  pig  and  a  human  skin 
equivalent.  J.  Submicrosc.  Cytol.  Pathol.  25  (1)  ;  113-118,  1993. 

9.  Powers,  J.  G.,  G.  M.  Kam,  K.  M.  Ricketts,  and  R.  P.  Gasillas.  Gutaneous  protease 

activity  in  the  mouse  ear  vesicant  model.  J.  Appl.  Toxicol.  20  (Supp1 1)  ■  177- 
182,  2000. 

10.  Ricketts,  K.  M.,  G.  T.  Santai,  J.  A.  France,  A.  M.  Graziosi,  T.  D.  Doyel,  M.  Y. 

Gazaway,  and  R.  P.  Gasillas.  Inflammatory  cytokine  response  in  sulfur  mustard- 
exposed  mouse  skin.  J.  Appl.  Toxicol.  20  (SuppI  1) :  73-76,  2000. 

11.  Smith,  K.  J.,  R.  Gasillas,  J.  Graham,  H.  Skelton,  F.  Stemler,  and  B.  Hackley  Jr. 

Histopathologic  features  seen  with  different  animal  models  following  cutaneous 
sulfur  mustard  exposure.  J.  Dermatol.  Sci.  14  (2) :  126-135,  1997. 

12.  Zhang,  Z.,  and  N.  Monteiro-Riviere.  Gomparison  of  integrins  in  human  skin,  pig 

skin,  and  perfused  skin:  and  in  vitro  skin  toxicology  model.  J.  Appl.  Toxicol.  17 

(4) :  247-253,  1997. 


8 


